Oestrogen levels were low during most of gestation, but there was a significant increase (P <0\m=.\05) in oestradiol concentrations at implantation. Early pregnancy was characterized by high levels of progesterone which decreased significantly (P < 0\m=.\001)thereafter, but there was no decline in progesterone or rise in oestrogen levels at parturition. There was no difference in the length of progesterone secretion between pregnant and non-pregnant females.
Introduction
In 1935, Rowlands & Parkes described the reproductive cycle of the red fox (Vulpes vulpes): oestrus occurs only once a year, between the beginning of January and mid-February. Pregnancy lasts for 52 days and ends in March. After whelping, the corpus luteum persists for up to 5 months (Rowlands & Parkes, 1935; Fairley, 1970; Bonnin-Laffargue & Canivenc, 1970;  Bonnin-Laffargue, Canivenc & Lajus-Boué, 1972) . Mondain-Monval, Dutourné, Bonnin-Laffargue, Canivenc & Scholler (1977) have studied the changes in ovarian activity of red foxes throughout the year, but their study did not include mated females. The present investigation was therefore undertaken to examine hormone concentrations during pregnancy and pseudopregnancy and thus extend knowledge on this littleknown species.
Materials and Methods
Blood samples were taken from the radial vein of pregnant female foxes captured at the earth through¬ out the reproductive season (January-March). These females were autopsied to obtain information regarding the relationship between the fetal development and progesterone concentration. The body cavity of each female was opened and the uterus dissected out. Blastocysts and embryos were collected and the vertex-coccyx length of the embryos was measured. Uteri with obvious uterine swellings and blastocysts implanting were not dissected but fixed in Bouin's fluid for histological observation of implantation. Four 2-year-old females, kept in our laboratory from the moment they were captured at 3 months of age, were bled twice a week during the presumed reproductive season which was from March to May because vixens in captivity have a delayed oestrus of about 2 months compared to wild vixens (see Seton, cited by Rowlands & Parkes, 1935) .
The blood was collected and centrifuged at 3125 g for 10 min. The plasma was removed and stored at -25°C until assayed.
The progesterone determinations were carried out by radioimmunoassay with an antiserum to progesterone-lla-BSA raised in sheep. The cross-reactivity measured at 50% displacement was 2-2 % for 17a-hydroxyprogesterone, 8 % for deoxycorticosterone, 1 -9 % for corticosterone, 1 · 1 % for 20a and 20ß hydroxyprogesterone, and <1 % for testosterone and androstenedione. An aliquot of 0-05 or 0-1 or 0-2 ml plasma was used for each assay; 4000 d/min of [l,2,6,7-3H]progesterone were added to estimate procedural losses and the mean recovery was 76-47 ± 0-66% (s.e.m., = 150). Progesterone was extracted by 10 volumes of freshly redistilled petroleum ether (b.p. 40-60cC). The aqueous phase was frozen in a mixture of methanol and solid C02 and the ether-extractable fraction was decanted into another tube and evaporated to dryness under nitrogen at 40°C. Assay tubes, containing unknown samples or standard in 0-1 ml phosphate buffer (pH 7), 0-1 ml antiserum (dilution at 1/6000) and 0-1 ml [l,2,6,7-3H]progesterone (20000 d/min) in phosphate buffer, were estimated in duplicate for samples and in triplicate for standards. The interassay precision was 13-2%. The lower limit of sensitivity of the assay was 0-2 ng/ml. The oestrone and oestradiol concentrations were determined by the radioimmunoassay described by Mondain-Monval et al. (1977) . The antiserum was raised in rabbits against oestrone-17-(0carboxymethyl)oxime-BSA and it shows cross-reactions of 66% with oestradiol-17ß, 11% with oestradiol-17a, 8% with oestriol and <0-l% with corticosterone, progesterone, testosterone and 5a-dihydrotestosterone. The samples were transferred to Sephadex LH-20 microcolumns to separate the oestrogens. Without correction for losses the overall recovery was 89-3 ± 4% for oestrone and 82-3 ± 3-2% for oestradiol. The detection limit was 6 pg/ml for oestrone and 5 pg/ml for oestradiol (17a and 17ß). The interassay precision was 10-7% for oestrone and 10-0% for oestradiol at concen¬ trations below 80 pg/ml. The results were tested by Mann-Whitney U tests and Student's t tests. 
Results
The concentrations of oestrogen and progesterone in the peripheral blood of individual foxes during pregnancy are reported in Table 1 .
The plasma oestrogen levels were low during most of gestation and, in this study, oestrone concentrations were higher than those of oestradiol except at the time of implantation when there was a significant increase in oestradiol secretion (P < 005). Early pregnancy is characterized by high levels of progesterone and implantation was associated with the highest mean concentration. After implantation progesterone levels decreased significantly (P < 0-001). There was no significant variation in the plasma progesterone level at parturition or even by several hours after whelping. In one female which was bled during the last 16 days of pregnancy (Table 2) the progesterone concentra¬ tion just before whelping was relatively high and it fluctuated between 4 and 6 ng/ml during early lactation.
The profiles of progesterone secretion in the peripheral blood of 4 unmated females are shown in Text- fig. 1 . Plasma progesterone concentrations reached values as high as 40-60 ng/ml soon after oestrus, and then fluctuated at lower levels before falling to values af 2-5 ng/ml which were main¬ tained for several weeks. 
Discussion
The present results show that in the red fox the concentrations of progesterone are maximal at the time of implantation and then decrease as gestation progresses. This is contrary to events in other species; in some, a constant high level of progesterone is maintained throughout pregnancy, as in cow (Short, 1961; Stabenfeldt, Osburn & Ewing, 1970) and goat (Thorburn & Schneider, 1971 ), while in others, there is a considerable increase in progesterone after implantation, e.g. in the ewe (Bassett, Oxborrow, Smith & Thorburn, 1969) , coypu (Rowlands & Heap, 1966) and rat (Wiest, 1970) . A similar profile of progesterone secretion during pregnancy is observed in other canids, such as the blue fox (Moller, 1973) and the domestic dog (Parkes, Bell & Christie, 1972; Smith & McDonald, 1974; Hadley, 1975; Graf, 1978) . These observations seem to indicate that, in canids, luteotrophic factors originating from the placenta do not influence the corpus luteum function. Smith & McDonald (1974) suggested that such factors could be present in the bitch but Hadley (1975) denied this possi¬ bility. Hadley (1975) also failed to observe the fall in progesterone concentrations after oestrus and subsequent large rise to peak gestational levels 19-24 days after the first day of oestrus which was described by Smith & McDonald (1974) . Graf (1978) has confirmed the observations of Smith & McDonald (1974) and suggested an extra-ovarian source of progesterone for the second increase in serum progesterone concentration observed, which coincides with the time of implantatio'n. We have been unable to clarify the question of whether the corpus luteum is the major site of progesterone production in the red fox. The profile of progesterone secretion in individual vixens throughout pregnancy cannot be studied because fertilization occurs in the wild before capture and is therefore inaccurately known. Also, females abort readily in early pregnancy if they are submitted to manipu¬ lation and anaesthesia twice a week for the collection of plasma samples. Laparotomy and ovari¬ ectomy in early pregnancy cause abortion (unpublished). Despite individual differences, pregnant foxes showed only a non-significant decline in peripheral progesterone before parturition, unlike the blue fox (Moller, 1973) and the bitch (Smith & McDonald, 1974; Graf, 1978) Text- fig. 1 . Plasma progesterone concentrations in 4 unmated foxes kept in the laboratory and bled once or twice a week during the reproductive season (in captivity, March-May; see Rowlands & Parkes, 1935) . The arrows indicate the times of the oestradiol peaks indicative of oestrus (see Mondain-Monval et al., 1977) . Day 0 is the day before progesterone values increased.
levels fall significantly before whelping. The absence of a decline in peripheral plasma progesterone levels and of a pre-partum rise in oestrogens in the fox raises the question of the mechanism of the initiation of'parturition. Graf (1978) has suggested that prolactin is involved in the termination of pregnancy in the bitch and this hormone should, therefore, also be studied in vixens. In the unmated vixen, despite several phases of oestrogen secretion throughout the year (Mondain- Monval et al., 1977) , spontaneous ovulation occurs only once a year. It has not been possible to determine precisely the lengths of pro-oestrus or oestrus. The period of oestrus can only be indicated by the oestradiol peaks. These peaks are not, however, sufficient to determine the exact time of ovulation because it is known that progesterone can be released before ovulation and before the levels of oestradiol are maximal (blue fox: Moller, 1974; red fox: Mondain-Monval et al., 1977) . Pearson & Enders (1943) have shown histologically that luteinization of the granulosa cells starts in pre-ovulatory follicles in the silver fox. In the present study, this may have occurred in Vixens 2,3 and 4 (Text- fig. 1 ) because progesterone secretion increased before the last peak of oestradiol. Despite progesterone concentrations being at much higher levels in unmated pregnant vixens, there does not seem to be any difference between these two categories of females in the length of secretion of progesterone : in unmated females, concentrations are 5 ng/ml for 50-55 days after oestrus, a period corresponding to the normal duration of pregnancy. After this time, samples taken regularly from 6 unmated females for another 150 days contained only low levels of progesterone (2-6 ng/ml). Corpora lutea have been histologically verified in the ovaries of red foxes 5 months after ovulation, demon¬ strating their persistence in unmated females. Moller (1973) describes a resemblance between the profiles of progesterone secretion in pseudopregnant and pregnant blue fox females but does not comment on the persistence of corpora lutea in this species. In the bitch also, similar progesterone secretion profiles in pregnancy and pseudopregnancy have been observed by Smith & McDonald (1974) , Hadley (1975) and Graf (1978) . Smith & McDonald reported progesterone concentrations of about 5 ng/ml for 90 days in pseudopregnant bitches, but histological observations on the ovaries were not undertaken.
Previous work has demonstrated that pituitary secretions are involved in the persistence of the corpora lutea in the red fox (Bonnin-Laffargue et al., 1972) . Since the corpora lutea also persist in unmated females, a biological clock may exist in the maternal hypothalamus which controls the timing of corpus luteum regression.
